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European Foreword 

This document (EN 16602-70-38:2019) has been prepared by Technical 

Committee CEN-CENELEC/TC 5 “Space”, the secretariat of which is held by 

DIN. 

This standard (EN 16602-70-38:2019) originates from ECSS-Q-ST-70-38C Rev.1. 

This European Standard shall be given the status of a national standard, either 

by publication of an identical text or by endorsement, at the latest by October 

2019, and conflicting national standards shall be withdrawn at the latest by 

October 2019. 

Attention is drawn to the possibility that some of the elements of this document 

may be the subject of patent rights. CEN [and/or CENELEC] shall not be held 

responsible for identifying any or all such patent rights. 

This document has been prepared under a standardization request given to 

CEN by the European Commission and the European Free Trade Association. 

This document has been developed to cover specifically space systems and has 

therefore precedence over any EN covering the same scope but with a wider 

domain of applicability (e.g. : aerospace). 

According to the CEN-CENELEC Internal Regulations, the national standards 

organizations of the following countries are bound to implement this European 

Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, 

Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, 

Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 

Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Serbia, 

Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United 

Kingdom. 
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Introduction 

This Standard prescribes requirements for electrical connections of leadless and 

leaded surface mounted devices (SMD) on spacecraft and associated 

equipment, utilising a range of substrate assemblies and employing solder as 

the interconnection media. The principal types of SMDs can be gathered in the 

following families: 

 

Rectangular and square end-capped or end-metallized 

device with rectangular body, leadless chip (see 11.5.2) 

e.g. end capped chip resistors and end capped chip capacitors. 
 

Cylindrical and square end-capped devices with 

cylindrical body, leadless chip (see 11.5.4) 

e.g. MELF for cylindrical end capped or 

e.g. D-5A for square end capped  

 

 

Bottom terminated chip device (see 11.5.3) 

This type of device has metallised terminations on the bottom 

side only. 

 

e.g. inductors and SMD0.5, SMD1, SMD2, SMD0.2, SMD0.22 

 

 

 

e.g. Quad Flat Pack No lead (QFN) 
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Castellated chip carrier device (see 11.5.5) 

The main device of this type is leadless ceramic chip carrier 

(LCCC). 

e.g. LCC6 

 

 

 

Flat pack and gull-wing leaded device with round, 

rectangular , ribbon leads (see 11.5.6) 

e.g. small-outline transistor (SOT), small—outline package (SO), 

flat pack and quad flat pack (QFP) and SMD connectors with 

stress-relief. 

This family also comprises devices for through-hole mounting 

that have been reconfigured to surface mounting. 

 

Moulded magnetics (see 11.5.13) 

e.g. 1553 interface transformers or specific transformers 

 

 

“J” leaded device (see 11.5.7) 

e.g. ceramic leaded chip carriers (CLCC) and plastic 

leaded chip carriers (PLCC). 
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Area array devices (AAD) (see 11.5.8) 

 The interconnections between solder footprints on the devices 

and solder footprints on the PCB consist entirely of solder. 

The devices have either solder balls (Ball Grid Array - BGA) or 

solder columns (Column Grid Array - CGA) applied to the 

solder footprints on the devices prior to mounting on a PCB 

(normally done by the device manufacturer). The solder balls on 

the BGAs can consist of either eutectic solder or high 

temperature solder (5 - 10 % Sn) whereas the solder columns on 

the CGAs always consist of high temperature solder. Although 

BGAs are usually presented as a device family, there exist a 

large number of BGA devices with wide-ranging properties. The 

vast majority of BGA devices are non hermetic. 

 

Devices with ribbon terminals without stress relief (flat 

lug leads) (see 11.5.9) 

This package has flat leads extending from the sides 

 

Device with Inward formed L-shaped leads (see 11.5.10) 

e.g. moulded tantalum chip capacitors. 

 

Stacked modules devices with leads protruding 

vertically from bottom (see 11.5.11) 

 

Leaded device with plane termination (see 11.5.12) 

e.g. Diode PAcKage (DPAK or TO252) 
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1 
Scope 

This Standard defines the technical requirements and quality 

assurance provisions for the manufacture and verification of high-reliability 

electronic circuits based on surface mounted device (SMD) and mixed 

technology.  

The Standard defines acceptance and rejection criteria for high-reliability 

manufacture of surface-mount and mixed-technology circuit assemblies 

intended to withstand normal terrestrial conditions and the vibrational g-loads 

and environment imposed by space flight. 

The proper tools, correct materials, design and workmanship are covered by 

this document. Workmanship standards are included to permit discrimination 

between proper and improper work. 

The assembly of leaded devices to through-hole terminations and general 

soldering principles are covered in ECSS-Q-ST-70-08.  

Requirements related to printed circuit boards are contained in ECSS-Q-ST-

70-10, ECSS-Q-ST-70-11 and ECSS-Q-ST-70-12 . The mounting and supporting 

of devices, terminals and conductors prescribed herein applies to assemblies at 

PCB level designed to continuously operate over the mission within the 

temperature limits of -55 C to +85 C. 

For temperatures outside this normal range, special design, verification and 

qualification testing is performed to ensure the necessary environmental 

survival capability. 

Special thermal heat sinks are applied to devices having high thermal 

dissipation (e.g. junction temperatures of 110 C, power transistors) in order to 

ensure that solder joints do not exceed 85 C. 

Verification of SMD assembly processes is made on test vehicles (surface 

mount verification samples). Temperature cycling ensures the operational 

lifetime for spacecraft. However, mechanical testing only indicates SMD 

reliability as it is unlikely that the test vehicle represents every flight 

configuration. 

This Standard does not cover the qualification and acceptance of the EQM and 

FM equipment with surface-mount and mixed-technology. 

The qualification and acceptance tests of equipment manufactured in 

accordance with this Standard are covered by ECSS-E-ST-10-03. 

This standard may be tailored for the specific characteristics and constraints of a 

space project, in accordance with ECSS-S-ST-00. 
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2 
Normative references 

The following normative documents contain provisions which, through 

reference in this text, constitute provisions of this ECSS Standard. For dated 

references, subsequent amendments to, or revisions of any of these publications 

do not apply. However, parties to agreements based on this ECSS Standard are 

encouraged to investigate the possibility of applying the most recent editions of 

the normative documents indicated below. For undated references the latest 

edition of the publication referred to applies. 

 

EN reference Reference in text Title 

EN 16601-00-01 ECSS-S-ST-00-01 ECSS system — Glossary of terms 

EN 16601-40 ECSS-M-ST-40 Space project management — Configuration and 

information management 

EN 16602-10-09 ECSS-Q-ST-10-09 Space product assurance — Nonconformance control 

system 

EN 16602-20 ECSS-Q-ST-20 Space product assurance — Quality assurance 

EN 16602-60 ECSS-Q-ST-60 Space product assurance — Electrical, electronic and 

electromechanical (EEE) components 

EN 16602-60-05 ECSS-Q-ST-60-05 Space product assurance — Generic requirements for 

hybrids 

EN 16602-60-13 ECSS-Q-ST-60-13 Space product assurance - Commercial electrical, 

electronic and electromechanical (EEE) components 

EN 16602-70 ECSS-Q-ST-70 Space product assurance — Materials, mechanical 

parts and processes 

EN 16602-70-01 ECSS-Q-ST-70-01 Space product assurance — Cleanliness and 

contamination control 

EN 16602-70-02 ECSS-Q-ST-70-02 Space product assurance — Thermal vacuum 

outgassing test for the screening of space materials 

EN 16602-70-08 ECSS-Q-ST-70-08 Space product assurance — Manual soldering of high–

reliability electrical connections 

EN 16602-70-10 ECSS-Q-ST-70-10 Space product assurance — Qualification of printed 

circuit boards 

EN 16602-70-11 ECSS-Q-ST-70-11 Space product assurance — Procurement of printed 

circuit boards 
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EN reference Reference in text Title 

EN 16602-70-12 ECSS-Q-ST-70-12 Space product assurance — Design rules for printed 

circuit boards 

EN 16602-70-28 ECSS-Q-ST-70-28 Space product assurance — Repair and modification 

of printed circuit board assemblies for space use. 

EN 16602-70-71 ECSS-Q-ST-70-71 Space product assurance —Materials processes and 

their data selection 

 MIL-STD-883 Method 

2009 

Test Method Standard, Microcircuits 

 IPC-TM-650: 2.6.3.3 

Issue 2004  

Test methods manual. Surface Insulation Resistance, 

Fluxes 
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3 
Terms, definitions and abbreviated terms 

3.1 Terms from other standards 

a. For the purpose of this Standard, the terms and definitions from 

ECSS-S-ST-00-01 apply. 

b. For the purpose of this Standard, the terms and definitions from ECSS-Q-

ST-60 apply, in particular for the following term(s): 

1. commercial component 

c. For the purpose of this Standard, the terms and definitions from ECSS-Q-

ST-70-28 apply, in particular for the following term(s): 

1. repair 

2. rework 

3.2 Terms specific to the present standard 

3.2.1 approval authority 

entity that reviews and accepts the verification programme, evaluating the test 

results and grants the final approval 

3.2.2 bonding 

application process of adhesive under a SMD package for mechanical or 

thermal purpose where adhesive joint is not visible 

3.2.3 co-planarity 

maximum distance between lowest and highest termination when device rests 

on flat surface 

3.2.4 collective assembled devices 

set of components that are soldered to PCB in one operation 

3.2.5 critical zone 

area in the solder joint in which the existence and magnitude of cracks is subject 

to acceptance or rejection  

3.2.6 device 

package, component or part 
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3.2.7 dynamic wave soldering machine 

system that achieves wave soldering and which consists of stations for fluxing, 

preheating, and soldering by means of a conveyer 

3.2.8 electrical clearance 

spacing between non-common electrical conductors on external layers of a 

printed circuit board assembly 

NOTE The distance between conductors depends on 

the design voltage and DC or AC peaks. Any 

violation of minimum electrical clearance as a 

result of a nonconformance is a defect 

condition. 

3.2.9 reprocessing 

preparatory operation done on a device prior to assembly 

NOTE Retinning, degolding, lead forming are 

examples of reprocessing. 

3.2.10 scavenging (leaching) 

basis metal or metallization partly or wholly dissolved in melted solder during 

a soldering operation 

3.2.11 selective plating 

tin-lead plated solder footprints connected to gold plated copper tracks 

NOTE It is usually related to RF circuits. 

3.2.12 sensitive devices  

device prone to have cracks in solder joint exceeding 75 % of acceptance criteria 

or showing nonconformance outside the component manufacturer limit 

NOTE 1 ESA list of sensitive devices is published on 

ESCIES for information, see www.escies.org.  

NOTE 2 Each company maintains its own list of 

sensitive devices in the PID. 

3.2.13 solder balling (solder balls) 

numerous spheres of solder having not melted in with the joint form and being 

scattered around the joint area normally attached by flux residues  

NOTE Can be caused by incorrect preheating or poor 

quality solder. 

3.2.14 stacking 

application process of adhesive at extremities of a SMD package for mechanical 

purpose where adhesive joint is partially visible 

3.2.15 solder stand-off 

thickness of solder between the underside of the device termination and the 

surface of the PCB footprint 
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3.2.16 test vehicle 

substrate assembled with Surface Mounted Devices subjected to a verification 

programme 

3.2.17 tombstoning 

chip devices lifting off one of their two terminal footprints causing the chip to 

stand up like a tombstone 

NOTE Normally caused by:  

 bad design where one footprint reaches 

solder reflow temperature before the other; 

 different quantities of solder paste on each 

footprint; 

 different solderability of one footprint or 

one termination with respect to the other. 

3.2.18 underfill 

encapsulant material deposited between a device and substrate  

3.3 Abbreviated terms 

For the purpose of this Standard, the abbreviated terms from ECSS-S-ST-00-01 

and the following apply: 

Abbreviation Meaning 

AAD area array device 

BGA ball grid array 

CBGA ceramic ball grid array 

CCGA ceramic column grid array 

CGA column grid array 

CLCC ceramic leaded chip carrier 

CTE coefficient of thermal expansion 

DPAK diode package 

DRD document requirement definition 

FM flight model or flight hardware 

FP flat pack package 

JEDEC Joint Electron Device Engineering Council 

LCCC leadless ceramic chip carrier  

MELF metal electrode face bonded 

NOTE: Also known as minimelf or micromelf 

MIP mandatory inspection point 

PCB printed circuit board 

PLCC plastic leaded chip carrier 
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Abbreviation Meaning 

PID process identification document 

QFN quad flat pack no leads 

QFP quad flat pack 

r.m.s. root-mean-square 

SIR surface insulation resistance 

SMD surface mounted device 

SMT surface-mount technology 

SO small outline 

SOD small outline device 

SOT small outline transistor 

SOP small outline package 

TO transistor outline 

TSOP thin small outline package 

3.4 Nomenclature 

3.4.1 Formal verbs 

The following nomenclature apply throughout this document: 

a. The word “shall” is used in this document to express requirements. All 

the requirements are expressed with the word “shall”. 

b. The word “should” is used in this document to express 

recommendations. All the recommendations are expressed with the word 

“should”. 

NOTE It is expected that, during tailoring, all the 

recommendations in this standard are either 

converted into requirements or tailored out. 

c. The words “may” and “need not” are used in this document to express 

positive and negative permissions respectively. All the positive 

permissions are expressed with the word “may”. All the negative 

permissions are expressed with the words “need not”. 

d. The word “can” is used in this document to express capabilities or 

possibilities, and therefore, if not accompanied by one of the previous 

words, it implies descriptive text. 

NOTE In ECSS “may” and “can” have a complete 

different meaning: “may” is normative 

(permission) and “can” is descriptive. 

e. The present and past tense are used in this document to express 

statement of fact, and therefore they imply descriptive text. 
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4 
Principles of reliable soldered connections 

The following are the general principles to ensure reliable soldered connections: 

 Reliable soldered connections are the result of proper design, control of 

tools, materials, processes and work environments, and workmanship 

performed in accordance to verified and approved procedures, 

inspection control and precautions. 

 The basic design concepts to ensure reliable connections and to avoid 

solder joint failure are as follows: 

 Stress relief is an inherent part of the design, which reduces 

detrimental thermal and mechanical stresses on the solder 

connections.  

 Where adequate stress relief is not possible materials are so 

selected that the mismatch of thermal expansion coefficients is a 

minimum at the constraint points in the device mounting 

configuration. 

 The assembled substrates are designed to allow easy inspection.  

 Since only the outer row of solder joints to area array packages can be 

visually inspected, inner rows are inspected using X-ray techniques. To 

facilitate X-ray inspection of the solder joints to BGAs, the solder 

footprints can have a teardrop design. 

 Circuit designs for area array devices, (e.g. BGA, CGA) have clearance 

around the perimeter of these packages to ensure that reflow nozzles can 

perform rework or repair operations (see ECSS-Q-ST-70-28). The 

clearance depends on the equipment used for reworking and the height 

of adjacent components.  

NOTE Unpopulated areas on the underside of the 

substrate assist indirect heating for removal of 

these packages. 

 Soldering to gold using tin-lead alloy can cause failure. 
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5 
Process identification document (PID) 

5.1 General 

5.1.1 Purpose 

The purpose of the PID is to ensure that a precise reference is established for the 

assembly processes approved in accordance with this Standard.  

The PID provides a standard reference against which any anomalies occurring 

after the approval can be examined and resolved. 

5.1.2 Document preparation 

a. The supplier shall prepare the PID in conformance with DRD from 

Annex F. 

b. The supplier shall provide a draft PID prior to any start of verification to 

the Approval Authority. 

c. The first issue of the PID shall fully comply to this standard. 

d. For supplier, already approved on the basis of reliable tests results which 

supported the approval of any deviation finally recorded in the PID, then 

the PID may supersede the corresponding requirements from this 

standard. 

5.1.3 <<deleted>> 

a. <<deleted>> 

b. <<deleted>> 

5.1.4 Approval 

a. The PID shall be submitted to the Approval Authority for approval. 

NOTE The approval can be achieved by PID signature 

or minutes of meeting being signed by the 

Approval Authority. 

b. <<deleted>> 
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5.1.5 SMT contact person 

a. The supplier shall appoint a contact person for SMT topics.  

5.2 <<deleted>> 

a. <<deleted>> 

b. <<deleted>> 

c. <<deleted>> 

d. <<deleted>> 

e. <<deleted>> 

5.3 Process identification document updating 

a. The PID shall be managed in accordance with ECSS-M-ST-40. 

b. A PID shall represent the current verified manufacturing processes and 

production controls.  

c. Any proposed change to the PID shall be agreed by the Approval 

Authority. 

d. <<deleted>> 

e. The supplier shall initiate a review of the PID, the SMT summary table 

and the relevant applicable documents at least every two years for 

agreement by the Approval Authority. 
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6 
Preparatory conditions 

6.1 Calibration 

a. The supplier shall maintain records of tool calibration and verification. 

b. Requirements from clause 5.1 from ECSS-Q-ST-70-08 shall apply for 

“Calibration”. 

6.2 Facility cleanliness 

a. Requirements from clause 5.2 from ECSS-Q-ST-70-08 shall apply for 

“Facility cleanliness”. 

6.3 Environmental conditions 

a. Requirements from clause 5.3 from ECSS-Q-ST-70-08 shall apply for 

“Environmental conditions”. 

6.4 Precautions against static charges 

a. Requirements from clause 5.5 from ECSS-Q-ST-70-08 shall apply for 

“Precautions against static charges”. 

6.5 Lighting requirements 

a. Requirements from clause 5.4 from ECSS-Q-ST-70-08 shall apply for 

“Lighting requirements”. 

6.6 Equipment and tools 

6.6.1 Brushes 

a. Requirements from clause 5.6.2 from ECSS-Q-ST-70-08 shall apply for 

"Brushes". 
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6.6.2 Cutters and Pliers 

a. Requirements from clause 5.6.3 from ECSS-Q-ST-70-08, shall apply for 

"Cutters and Pliers". 

6.6.3 Bending tools 

a. Requirements from clause 5.6.4 from ECSS-Q-ST-70-08 shall apply for 

"Bending tools". 

6.6.4 Clinching tools 

a. Requirements from clause 5.6.5 from ECSS-Q-ST-70-08 shall apply 

"Clinching tools". 

6.6.5 Insulation strippers 

a. Requirements from clause 5.6.6 from ECSS-Q-ST-70-08 shall apply for 

"Insulation strippers". 

6.6.6 Soldering tools 

a. Requirements from clause 5.6.8 from ECSS-Q-ST-70-08 shall apply for 

"Soldering tools". 

6.6.7 Soldering irons and resistance soldering 
equipment 

a. Requirements from clause 5.6.7 from ECSS-Q-ST-70-08 shall apply for 

“Soldering irons and resistance soldering equipment”. 

b. For surface mounted devices, the soldering tip shall not exceed 340 C. 

NOTE Based on the device manufacturer’s 

recommendations, solder iron can be 

substituted by applying, for instance, hot air in 

order to avoid thermal shock. 

6.6.8 <<deleted>> 

a. <<deleted>> 

6.6.9 Solder baths for degolding and pretinning 

a. Requirements from clause 7.2.3.2.2 from ECSS-Q-ST-70-08 shall apply for 

"Solder baths" for degolding and pretinning. 
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6.7 Soldering machines and equipment 

6.7.1 General 

a. Machines and equipment used to solder surface mount devices shall 

either be a type incorporating dynamic single or dual solder wave, or be 

of the solder reflow type. 

b. The soldering machine shall be grounded in order to avoid electrostatic 

discharge. 

c. The supplier shall ensure that the soldering conditions do not exceed the 

values given by the individual device data sheets  

NOTE Examples of soldering conditions include. 

maximum temperature to avoid internal 

melting, removal of marking ink, degradation 

of encapsulating plastic. 

d. Temperature and time profiles for assembly shall be identified by the 

supplier and approved by the Approval Authority. 

e. The supplier shall identify changes and implement a verification 

programme in compliance with the requirements from clause 14.13. 

f. The supplier shall demonstrate the reproducibility of their reflow 

processes. 

6.7.2 Dynamic wave-solder machines 

a. Dynamic soldering machines shall be of automatic type and of a design 

offering the following: 

1. Controllable preheating to drive off volatile solvents and to avoid 

thermal shock damage to the PCB and device packages. 

2. The capacity to maintain the solder temperature at the printed 

circuit board assembly to within 5 C of the established bath 

temperature throughout the duration of any continuous soldering 

run when measured 3,0 mm below the surface of the wave. 

3. A wave system that limits shadowing and allows solder fillet 

formation. 

4. Carriers made from a material that cannot contaminate, degrade or 

damage the printed circuit board or substrate nor transmit 

vibrations or shock stress from the conveyors to a degree 

permitting physical, functional or electrostatic damage to devices, 

board or substrate during transport through preheating, soldering 

and cooling stages. 

5. An extraction system, either integral or separate, conforming to the 

requirements of clauses 6.2a and 6.3a. 
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6.7.3 Condensation (vapour phase) reflow 
machines 

a. Condensation reflow machines shall conform to the following 

requirements: 

1. Not transmit a movement or vibration into the assemblies being 

soldered that result in misalignment of devices or disturbed solder 

joints. 

2. Be capable of preheating an assembly with solder paste to the 

temperature recommended by the solder paste manufacturer prior 

to soldering. 

3. Use a reflow fluid whose boiling point is a minimum of 12 C 

above the melting point of the solder being used. 

4. Maintain the preselected temperature to within 5 C in the reflow 

zone during soldering. 

5. Include an extraction system that conforms to requirements 6.2a 

and 6.3a. 

6.7.4 Hot gas reflow machines 

a. Hot gas reflow machines shall conform to the following requirements: 

1. Does not transmit movement or vibration to the assemblies being 

soldered which result in misalignment of devices or disturbed 

solder joints.  

2. Preheats an assembly with solder paste to the temperature 

recommended by the solder paste manufacturer prior to soldering. 

3. <<deleted>> 

4. Prevents the reflow of adjacent devices. 

5. Maintains the preselected reflow temperature within 5 C as 

measured at the substrate surface. 

6.7.5 <<deleted>> 

a. <<deleted>> 

6.7.6 Convection and radiation reflow systems 

a. Convection and radiation reflow machines shall be of design such that 

the system meets the following requirements: 

1. Provides a controlled temperature profile and does not transmit 

movement or vibration into the assembly being soldered.  

2. Preheats an assembly with solder paste to the temperature 

recommended by the solder paste manufacturer prior to soldering. 

3. Heats the area of the assembly to be soldered using focused or 

unfocussed energy, to a preselected temperature that is a 

Full document details: BS EN 16602-70-38:2019

http://www.avadocuments.com/doc/bs-en-16602-70-38-2019
http://www.avadocuments.com/doc/bs-en-16602-70-38-2019


EN 16602-70-38:2019 (E) 

 

29 

minimum of 12 C above the melting point of the solder being 

used as measured at laminate or substrate surface. 

4. Maintains the preselected temperature to within ±5 C in the 

reflow zone during soldering. 

6.7.7 Other equipment for reflow soldering 

a. Other solder reflow systems may be approved for use by the Approval 

Authority, if compliance with clauses 6.7.1 to 6.7.6 is demonstrated. 

6.8 Ancillary equipment 

6.8.1 General 

a. Equipment shall not generate, induce or transmit electrostatic charges to 

devices being placed. 

b. The supplier shall demonstrate the reproducibility of their SMT 

processes. 

6.8.2 Solder deposition equipment 

a. Equipment used to deposit solder pastes shall be of a screening, 

stencilling, dispensing, roller coating, dotting or jet printing type.  

b. Equipment shall apply pastes of a viscosity and quantity such that the 

positioned device is retained on the board before and during soldering 

operations, ensuring self-centring and solder fillet formation. 

c. Equipment used to apply solder preforms shall ensure alignment of the 

preform with the land or device lead and termination. 

6.8.3 Automatic device placement equipment 

a. Automatic or computer controlled equipment used for device placement 

shall be of the coordinate-driven pick-and-place type or of the robotic 

type. 

b. The placement equipment used shall be of a type that: 

1. prevents device or board damages 

2. indexes devices with respect to the circuit 

3. aligns the device leads or castellations with the board terminal 

areas. 

6.8.4 <<deleted>> 

a. <<deleted>> 
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6.8.5 Cleanliness testing equipment 

a. Requirements from clause 11.3.1 from ECSS-Q-ST-70-08 shall apply for 

“Cleanliness testing”. 

6.8.6 Magnification aids 

a. Clause 13.1 shall apply. 

6.8.7 X-ray inspection equipment 

a. The maximum dose during X-Rays inspection shall be less than 5 % of 

the eligible dose of the most sensitive component according to its 

specification. 

b. X-ray equipment shall be calibrated in order to evaluate the total dose 

received by the devices during the inspection. 

NOTE In order to minimize the dose given to the 

device, it is good practice to: 

 Record the total dose received. 

 Use off-line image analysis as much as 

possible. 

 Use filters, optimizing the direction of the X-

ray beam and masking sensitive areas. 

c. The resolution of the X-ray equipment shall be able to detect solder balls 

having a diameter of 0,03 mm.  

d. The sensitivity shall be demonstrated by means of actual 0,03 mm 

diameter solder balls, stuck to adhesive tape, attached to the multilayer 

board assembly being inspected. 

NOTE <<deleted>> 

6.8.8 Metallographic equipment 

a. The metallographic equipment shall enable  cross-sectioning and 

polishing of the moulded solder interconnections. 
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7 
Material selection 

7.1 General 

a. Material selection shall be performed in accordance with 

ECSS-Q-ST-70-71 and ECSS-Q-ST-70. 

7.2 Solder 

7.2.1 Form 

a. Solder paste, ribbon, wire and preforms shall be used provided that the 

alloy and flux meet the requirements in clause 7.2.2. 

b. Alloy for use in solder baths shall be supplied as ingots (without flux) 

and be compliant with requirements from clause 7.2.2. 

7.2.2 Composition 

a. The solder alloy shall have a composition specified in Table 7-1. 

NOTE 1 Use EN 61190-1-3 for solder and EN 61190-1-1 

for flux, EN 61190-1-2 for solder paste. 

NOTE 2 The solder alloy used depends upon the 

application. See Annex E.2 for Guide for choice 

of solder type. 

7.2.3 Solder paste 

a. <<deleted>> 

b. The metal purity shall be as specified in Table 7-1. 
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7.2.4 Maintenance of paste purity 

a. When purchased premixed or mixed in house, the purity of solder paste 

shall be maintained. 

b. Manufacturers’ instructions shall be applied for the handling and storage 

of containers of solder paste purchased premixed. 

c. Refrigerated solder paste shall reach room temperature before opening 

the container. 

d. Neither paste purchased premixed nor paste mixed in-house shall be 

used if the use-by date or shelf life recommended by the manufacturer of 

the paste or paste constituents has expired. 

e. When the solder paste’s shelf life has expired  it shall not be used unless:  

1. relifing is performed  

2. tests that include visual inspection and viscosity measurements 

(according to the manufacturer’s recommendations) are passed 

successfully.  

f. When relifing is performed, and the material passes the specified tests, 

the new shelf life shall be half the initial shelf life. 

g. Tools used for removing solder paste from the container shall not 

contaminate the paste dispensed or that remaining within. 

7.3 Flux 

7.3.1 Rosin based flux 

a. Requirements from clause 6.3.1 from ECSS-Q-ST-70-08 shall apply for 

"Rosin based flux". 

7.3.2 Corrosive acid flux 

a. Requirements from clause 6.3.2 from ECSS-Q-ST-70-08 shall apply for 

"INH1 Corrosive acid flux". 

7.3.3 Flux controls for wave-soldering equipment 

a. A controlled method shall be established and implemented for wave-

soldering machines such that the flux is not contaminated with 

remaining residues from previous non-space works.  

7.4 Solvents 

a. Requirements from clause 6.4 from ECSS-Q-ST-70-08 shall apply for 

"Solvents". 
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7.5 Flexible insulation materials 

a. Requirements from clause 6.5 from ECSS-Q-ST-70-08 shall apply for 

"Flexible insulation materials". 

7.6 Terminals 

a. Requirements from clause 6.6 from ECSS-Q-ST-70-08 shall apply for 

"Terminals". 

7.7 Wires 

a. Requirements from clause 6.7 from ECSS-Q-ST-70-08 shall apply for 

"Wires". 

7.8 Printed circuit substrates 

a. Printed Circuit Boards shall be designed in conformance with the 

requirements of clause 14 of ECSS-Q-ST-70-12. 

b. Printed Circuit Boards shall be made of materials and manufactured in 

conformance with the requirements of clause 9 of ECSS-Q-ST-70-10. 

c. Printed Circuit Boards shall be procured in conformance with the 

requirements of clauses 5 and 6 of ECSS-Q-ST-70-11. 

7.8.1 <<deleted>> 

a. <<deleted>> 

b. <<deleted>> 

c. <<deleted>> 

Table 7-2: <<deleted>> 

7.8.2 <<deleted>> 

a. <<deleted>> 

7.8.3 <<deleted>> 

a. <<deleted>> 

7.8.4 <<deleted>> 

a. <<deleted>> 
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7.8.5 <<deleted>> 

a. <<deleted>> 

7.8.6 <<deleted>> 

a. <<deleted>> 

7.9 Devices 

7.9.1 General 

a. Devices and their finishes shall be selected from those approved in 

conformance with requirements from clauses 4, 5 and 6 of ECSS-Q-ST-60, 

for “manufacturer and component evaluation” and “Procurement 

control”. 

b. <<deleted>> 

c. Solder may be applied to the terminations  by hot dipping or by 

electroplating from a solution. 

NOTE Devices with terminations finished by 

electroplating can impact the device wetting. 

d. <<deleted>> 

e. The incoming inspection of each device batch shall include the 

verification by test of the termination composition, to avoid assembly of 

pure tin finish, in accordance with requirement 4.3.7b from ECSS-Q-ST-

60. 

f. Pure tin finish with more than 97 % purity shall not be used. 

NOTE This is due to the possibility of whisker growth 

and transformation to grey tin powder at low 

temperatures. 

g. <<deleted>> 

h. <<deleted>> 

i. Devices shall be capable of withstanding cleaning processes currently 

used in space projects. 

j. Parts with silver palladium finish shall not be used. 

k. Reprocessing shall not damage the device. 

NOTE Reprocessing of ceramic chip capacitors is 

advised to be avoided due to potential crack 

formation. 

l. If devices initially designed for insertion-mount application are used for 

surface mounting, they shall be of a type that can be surface-mount 

adapted. 
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m. The adaptation specified in the requirement 7.9.1l shall not functionally 

or physically degrade the device or the substrate to which the adapted 

device is to be attached. 

n. Connectors shall be of a configuration incorporating either male or 

female quick-disconnect contacts and stress relief provision for the 

soldered connection of each individual contact when such connections 

are completed. 

o. Type II chip ceramic capacitors shall not be reworked. 

7.9.2 <<deleted>> 

a. <<deleted>> 

b. <<deleted>> 

c. <<deleted>> 

7.9.3 Moisture sensitive devices 

a. Moisture sensitive devices shall be stored and handled in conformance 

with the device manufacturer’s recommendations. . 

NOTE Many types of plastic encapsulated devices, 

particularly some plastic BGAs, are moisture 

sensitive. 

b. When moisture sensitive devices are used, bakeout shall be performed in 

accordance with clause 8.5b. 

7.9.4 <<deleted>> 

a. <<deleted, modified and moved to 7.9.1l>> 

b. <<deleted, modified and moved to 7.9.1m>> 

c. <<deleted>> 

d. <<deleted>> 

e. <<deleted and moved to 7.9.1n>> 

7.10 Adhesives, encapsulants and conformal coatings 

a. Adhesives shall be dispensable, non-stringing, and have a reproducible 

dot profile after application.  

b. Adhesives, encapsulants and conformal coating shall be non-corrosive to 

devices and substrates. 

c. The uncured strength shall be capable of holding devices during 

handling prior to curing.  

d. Adhesives, encapsulants and conformal coatings shall conform to the 

outgassing requirements of ECSS-Q-ST-70-02. 
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e. Adhesives, encapsulants and conformal coatings shall have no adverse 

effects upon materials used on the substrate, or devices attached thereon. 

NOTE The effects of some conformal coatings on the 

reliability of mounted SMDs are described in 

ESA SP-1173. 

f. Adhesives, encapsulants and conformal coatings shall be selected based 

on their thermal conductivity and dielectric properties. 

NOTE Some thermally conductive adhesives used to 

dissipate Joule heating are listed in ESA STM-

265 “Evaluation of Thermally Conductive 

Adhesives as Stacking Compounds during the 

Assembly of Spacecraft Electronics”. 

g. The capability of the adhesives to meet their requirements shall be 

demonstrated by means of a verification programme in conformance 

with clause 14. 

NOTE <<deleted>> 

h. Stress relief of device leads shall not be negated by the encapsulants or 

conformal coatings. 

NOTE 1 This is particularly important at low service 

temperatures. 

NOTE 2 The coefficient of expansion, glass transition 

temperature and modulus of adhesives used 

under devices for thermal reasons, for 

achieving stand-off heights or mechanical 

support during vibration, can be considered to 

ensure that the additional stress put on the 

solder joints does not degrade the solder joint 

reliability. 

i. Adhesive shall not be in contact with terminal of component. 

j. Bonding shall not be performed on fused tin lead unless the tin lead 

surface is limited to < 25 % by area of the bonding surface and 

demonstrated by verification as specified in clause 14. 

k. Spread of bonding material onto surrounding areas shall not be accepted 

unless it does not reduce the volume of the initial bonding joint.  

l. Bonding material shall not be in contact to surrounding devices. 

m. Bonding with epoxy adhesive directly to glass bodied devices shall not 

be used. 

NOTE It is good practice to use a sleeve between glass 

and the epoxy adhesive. 
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8 
Preparation for soldering 

8.1 Preparation of devices and terminals 

8.1.1 Preparation of wires and terminals 

a. Requirements from clause 7.2 from ECSS-Q-ST-70-08, clause “Preparation 

of conductors, terminals and solder cups” shall apply. 

8.1.2 Preparation of surfaces to be soldered 

a. Requirements from clause 7.2.2 from ECSS-Q-ST-70-08, clause “Surfaces 

to be soldered” shall apply. 

8.1.3 Degolding and pretinning of conductors 

a. Requirements from clauses 7.2.3 and 7.2.4 from ECSS-Q-ST-70-08 shall 

apply for "Degolding and pretinning of conductors". 

8.1.4 Alloying of pure tin finish 

a. <<deleted>> 

b. Pure tin device terminations shall be pretinned with full tin lead solder 

coverage. 

c. Pure tin device terminations shall be in compliance with requirements 

from clauses 7.2.4 and 7.2.6 of ECSS-Q-ST-70-08 and requirement 8.1a 

from ECSS-Q-ST-60-13. 

NOTE 1 Pure tin terminations can be dipped into liquid 

solder as described in ECSS-Q-ST-70-08, clause 

7.2.6 in order to replace the tin with tin-lead 

alloy. 

NOTE 2 Reprocessing of ceramic chip capacitors is not 

recommended due to potential crack formation. 

d. The reprocessing process shall be verified by micro sectioning and 

SEM/EDX with respect to alloying and full coverage. 
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8.2 Preparation of solder bit 

a. Requirements from clause 7.3 from ECSS-Q-ST-70-08 shall apply for 

"Preparation of solder bit". 

8.3 Handling 

a. Requirements from clause 7.5 from ECSS-Q-ST-70-08 shall apply for 

"Handling". 

8.4 Storage 

a. Requirements from clause 7.6 from ECSS-Q-ST-70-08 shall apply for 

"Storage". 

8.5 Baking of PCBs and moisture sensitive devices 

a. <<deleted>> 

b. Baking of moisture sensitive devices shall be implemented before any 

reprocessing or assembly process in conformance with JEDEC 

classification. 

NOTE This is to counteract the “popcorn” effect in 

soldering using oven or vapour phase reflow 

techniques.  

c. Baking times and temperatures, for moisture sensitive devices, shall be in 

compliance with manufacturer recommendations and baking times as 

specified in J-STD-033 and documented. 

NOTE 1 Typical baking conditions are from 6 h to 24 h 

at 125 C depending on the JEDEC 

classification, except for devices delivered in 

reels for which a lower temperature and longer 

time are used.  

NOTE 2 It is good practice to store devices under 

nitrogen, dry air (20 % RH maximum) or partial 

vacuum. 

d. Baking of unpopulated PCBs should be made as a minimum of 8 hours at 

120 °C. 

e. Baking of populated PCBs shall be performed when the PCB has been 

kept under clean room conditions for more than 72 hours. 

NOTE Storage of PCBs in dry cabinet interrupts the 

accumulated baking time. 

f. Baking of populated PCB shall be made at a temperature which does not 

degrade the devices or assembly. 

NOTE To limit the bake out operation, which can 

induce later failure, the PCB can be stored in 

dry environment after the baking. 
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9 
Mounting of devices prior to soldering 

9.1 General requirements 

a. Requirements from clause 8.1 from ECSS-Q-ST-70-08, “Mounting of 

components – General” shall apply. 

9.2 Lead bending and cutting requirements 

a. Requirements from clause 8.2 from ECSS-Q-ST-70-08, clause “Lead 

bending requirements” shall apply. 

9.3 Mounting of terminals to PCBs 

a. Requirements from clause 8.3 from ECSS-Q-ST-70-08 shall apply for 

"Mounting of terminals to PCBs". 

9.4 Lead attachment to through holes 

a. Requirements from clause 8.4 from ECSS-Q-ST-70-08 shall apply for 

"Lead attachment to through holes". 

9.5 Mounting of devices to terminals 

a. Requirements from clause 8.5 from ECSS-Q-ST-70-08 shall apply for 

"Mounting of components to terminals". 

9.6 Mounting of through hole connectors to PCBs 

a. Requirements from clause 8.6 from ECSS-Q-ST-70-08 shall apply for 

"Mounting of through hole connectors to PCBs". 
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9.7 Surface mount requirements 

9.7.1 General 

a. Devices to be mounted shall be designed for, and be capable of 

withstanding the soldering temperatures of the particular process being 

used for fabrication of the assembly. 

NOTE Surface mounted devices can be mounted on 

either one side or both sides of a printed circuit 

assembly. 

b. <<deleted>> 

c. Devices incapable of withstanding machine soldering temperatures shall 

be hand soldered in a subsequent operation. 

d. Supplier shall ensure that degolding, pretinning, reprocessing and 

soldering conditions do not exceed the device suppliers mandated 

processing conditions. 

NOTE 1 In case of non-compliant mounting procedure 

with a component manufacturer, a company 

can apply different soldering temperature 

compliant with clause 6 after successful 

verification tests as described in clause 14 and 

dedicated tests at component levels showing 

there is no degradation of these components.  

NOTE 2 To mount component by hand soldering at very 

low temperature can degrade reliability of 

component and PCB by increasing the duration 

of soldering necessary to obtain an acceptable 

solder joint. 

e. Supplier shall ensure that degolding and pretinning has been performed 

such that the solder fillet is not in contact with the gold or AuSn 

intermetallic. 

f. Supplier shall ensure repeatability of the mounting when artificial 

standoff is adopted. 

9.7.2 Stress relief 

a. When PCBs with high CTE compensation are employed, the supplier 

shall accommodate CTE mismatch by the mounting technology.  

NOTE 1 Pure eutectic tin-lead solder or indium-lead 

solder provide better stress relief (due to their 

ductility) than those with additional elements, 

e.g. antimony, gold. 

NOTE 2 Leadless devices with e.g. end-cap 

terminations, metallization, can have some 

stress relief (such as additional foil or wire 
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leads, possibly attached by welding or high 

melting point solder). 

NOTE 3 A solder stand-off (see Figure 11-1, dimension 

“X”) can assist stress relief; in this situation, the 

CTE mismatch strain is taken up by the ductile 

solder. 

NOTE 4 <<deleted>> 

9.7.3 Registration of devices and footprints 

a. Devices shall be mounted on their associated terminal footprints . 

b. The spacing between conductive elements shall not be reduced below the 

minimum electrical spacing specified in clause 7.3 of ECSS-Q-ST-70-12. 

NOTE Some surface mounted devices that are not 

bonded to the PCB can self-align during the 

soldering process. It is the registration after 

soldering that is important. 

9.7.4 Lead forming 

a. The leads of leaded surface mount devices shall be formed to their final 

configuration prior to mounting. 

b. Forming shall not degrade the solderability or cause loss of plating 

adhesion to the leads. 

c. Forming shall not cause mechanical damage to the leads or attachment 

seals. 

d. Leads of dual-in-line and gull-wing packages, flat-packs and other 

multileaded devices shall be dressed, mechanically re-aligned to ensure 

co-planarity providing that the lead to package connection is not 

subjected to plastic deformation. 

e. Formed leads shall not be re-bent. 

f. Lead forming shall be symmetrical. 

9.7.5 Mounting devices in solder paste 

a. Both leaded and leadless surface mounted devices shall be mounted in 

solder paste prior to reflow soldering.  

NOTE It is good practice to optimize the pick and 

place mounting force on the device lead, ball or 

column.  

b. The solder paste deposited on each solder land shall be visually 

inspected for registration and coverage by the operator prior to mounting 

the devices. 

NOTE <<deleted>> 
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9.7.6 Leadless devices 

a. Devices shall not be stacked. 

b. <<deleted>> 

c. The active element shall be mounted with that surface facing away from 

the printed circuit board or substrate, except the case specified in the 

requirement 9.7.6g.  

NOTE See Figure 9-1 for details. 

d. Devices that are bonded to the PCB prior to wave- or reflow-soldering 

shall be placed so that the requirements after soldering given in clause 11 

are met. 

e. The adhesive shall not extend onto the solder footprints. 

f. Artificial solder stand-off shall  be reproducible.  

NOTE Artificial solder stand-off can be achieved by 

removable spacers or other techniques in 

conformance with assembly process 

procedures. 

g. The active element may be facing the substrate in case required by 

electrical performance.  

NOTE For example: RF applications. 

  

Figure 9-1: Exposed element 

9.7.7 Leaded devices 

a. Surface mounting of leaded (round or rectangular cross section) devices 

shall be parallel to the board surface. 

9.7.8 <<deleted>> 

a. <<deleted>> 

9.7.9 Stacking and bonding of heavy devices 

a. Adhesive shall be selected in conformance with clause 7.10. 

NOTE Some surfaces can be prepared to enhance the 

adhesion (e.g. by mechanical abrasion). 

Full document details: BS EN 16602-70-38:2019
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b. <<deleted>> 

c. Adhesive shall be mixed and cured in accordance with the 

manufacturer’s procedures.  

d. The process of applying the adhesive shall be documented by a written 

procedure or by configured drawings which define the location of the 

adhesive, the shape  and the spread area (between device bottom surface 

and substrate upper surface).  

e. The adhesive shall not be in contact with the terminal or negate the stress 

relief of the device, nor come into contact with surrounding devices. 

f. <<deleted and created as recommendation 9.7.9g>> 

g. All devices weighing more than 5 g should be stacked. 

NOTE 1 This is to minimize shock and vibration loading 

on the leads. 

NOTE 2 The adhesive compound can be applied either 

before or after soldering in conformance with 

the supplier’s process identification document. 

h. Stacking and bonding shall be performed on clean surfaces. 

Full document details: BS EN 16602-70-38:2019
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10 
Attachment of conductors to terminals, 

solder cups and cables 

a. Requirements from clause 9 from ECSS-Q-ST-70-08 shall apply for 

“Attachment of conductors to terminals, solder cups and cables”. 

Full document details: BS EN 16602-70-38:2019

http://www.avadocuments.com/doc/bs-en-16602-70-38-2019
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